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Description 



[FLASH MEMORY STRUCTURE AND 
OPERATING METHOD THEREOF] 

Cross Reference to Related Applications 

[0001] This application is a divisional of a prior application serial 
no. 10/249,363, filed April 03, 2003. 
Background of Invention 

[0002] Field of Invention 

[0003] The present invention relates to a memory device. More 
particularly, the present invention relates to a flash mem- 
ory structure and operating method thereof. 

[0004] Description of Related Art 

[0005] Flash memory is a device having multiple data access, 
read-out and erase capability. Furthermore, data stored 
within a flash memory will be retained even after power to 
the device is cut off. Hence, flash memory has become 
one of the most popular non-volatile memories deployed 
inside personal computers and electronic equipment. 



[0006] a typical flash memory device has a floating gate and a 
control gate fabricated using doped polysilicon. The con- 
trol gate is set up over the floating gate with the two lay- 
ers separated from each other by a dielectric layer. The 
floating gate is isolated from an underlying substrate by a 
tunneling oxide layer, thereby forming a stack gate flash 
memory structure. 

[0007] jo wr j te data into the flash memory, a bias voltage is ap- 
plied to the control gate and the source/drain region and 
hence electrons are injected into the floating gate. To read 
data from the flash memory, an operating voltage is ap- 
plied to the control gate. With the charging condition in- 
side the floating gate affecting the conductive state of the 
channel, a value of "0" or "1" can be determined. To erase 
data from the flash memory, relative potential of the sub- 
strate, the drain (source) region or the control gate is 
raised. Through action caused by a tunneling effect, 
trapped electrons inside the floating gate penetrate 
through the tunneling oxide layer into the substrate or the 
drain (source) terminal (the so-called substrate erase or 
drain (source) side erase) or penetrate through the dielec- 
tric layer into the control gate. 

[0008] However, the quantity of electrons bled out from the 



floating gate is difficult to control in an operation to erase 
data from the flash memory. If an excessive amount of 
electrons flows out of the floating gate, the floating gate 
will contain a net positive charge leading to an over-erase 
condition. If such over-erase phenomena is severe, the 
channel underneath the floating gate may conduct without 
the application of an operating voltage resulting in erro- 
neous reading. To reduce the over-erasing problem, most 
flash memory has a split-gate design. One major aspect 
of a split-gate design is the addition of a select gate (or 
erase gate) on the sidewall of the control gate and the 
floating gate and above the substrate besides the control 
gate and the floating gate. The selective gate (or erase 
gate) is isolated from the control gate, the floating gate 
and the substrate through a gate dielectric layer. When 
over-erase is severe so that the channel underneath the 
floating gate is conductive even without applying an oper- 
ating voltage to the control gate, the channel underneath 
the select gate still remains shut. In other words, the 
source/drain region is non-conductive and erroneous 
reading from the flash memory is prevented. Neverthe- 
less, a split-gate structure demands a larger area and 
hence each memory cell has a larger dimension compared 



with a conventional stack gate flash memory. That means, 
overall level of integration has to be reduced. To reduce 
the size of each memory cell, a dual-cell flash memory 
structure with two cells using the same select gate is in- 
vented. 

[0009] pig. 1 is a schematic cross-sectional view of a conven- 
tional dual-cell flash memory structure. The dual-cell 
flash memory structure in Fig. 1 includes a first memory 
cell 101a and a second memory cell 101b over a substrate 
100. The first memory cell 101a has a gate structure 102a 
that includes a tunneling oxide layer 104a, a floating gate 
106a, a gate dielectric layer 108a, a control gate 110a and 
a cap layer 112a. Similarly, the second memory cell 101b 
has a gate that includes a tunneling oxide layer 104b, a 
floating gate 106b, a gate dielectric layer 108b, a control 
gate 110b and a cap layer 112b. Spacers 114a and 114b 
are attached to the sidewalls of the first gate structure 
102a and the second gate structure 102b respectively. 
Source/drain regions 116a and 116b are located in the 
substrate 100 on opposite sides of the first gate structure 
102a and the second gate structure 102b. A select gate 
118 not only covers the gate structures 102a, 102b but 
also extends from one source/drain region 116a to an- 



other source/drain region 116b. 
[0010] jo program data into the memory cell 101a of the dual- 
cell flash memory structure, the memory cell 101b serves 
as a channel transistor. A bias voltage of 10V is applied to 
the control gate 110a; a bias voltage of 10V is applied to 
the control gate 110b so that the channel underneath the 
memory cell 101b is opened; a bias voltage of 2V is ap- 
plied to the select gate 118; a bias voltage of 2 V is ap- 
plied to the source/drain region 116a and a bias voltage 
of 0V is applied to the source/drain region 116b. With this 
voltage setup, electrons moving from the source/drain re- 
gion 116b towards the source/drain region 116a are ac- 
celerated by the intense electric field close to the source/ 
drain region 116a to generate hot electrons. Kinetic en- 
ergy of these electrons overcomes the energy barrier in 
the tunneling oxide layer 104a, and together with the high 
positive bias voltage applied to the control gate 110a, the 
hot electrons are injected into the floating gate 106a from 
the source/drain region 116a. Hence, the memory cell 
101a is programmed. Similarly, to program data into the 
memory cell 101b of the dual-cell flash memory structure, 
the memory cell 101a serves as a channel transistor. A 
bias voltage of 10V is applied to the control gate 110b; a 



bias voltage of 10V is applied to the control gate 110a so 
that the channel underneath the memory cell 101a is 
opened; a bias voltage of 2V is applied to the select gate 
118; a bias voltage of 2V is applied to the source/drain 
region 116b and a bias voltage of 0V is applied to the 
source/drain region 116a. With this voltage setup, elec- 
trons moving from the source/drain region 116a towards 
the source/drain region 116b are accelerated by the in- 
tense electric field close to the source/drain region 116b 
to generate hot electrons. Kinetic energy of these elec- 
trons overcomes the energy barrier in the tunneling oxide 
layer 104b, and together with the high positive bias volt- 
age applied to the control gate 110b, the hot electrons are 
injected into the floating gate 106b from the source/drain 
region 116b. Hence, the memory cell 101b is pro- 
grammed. 

[° 011 ] In the aforementioned method of programming a dual- 
cell flash memory structure, if the memory cell 101b is 
programmed immediately after programming the memory 
cell 101a, the memory cell 101b may be affected by the 
programmed memory cell 101a leading to a lowering of 
programming current. Hence, programming speed of the 
memory cell 101b will be lower than the memory cell 



101a. In other words, the dual-cell flash memory will have 
an unsymmetrical programming operation resulting in a 
slower overall operating speed. 
Summary of Invention 

[0012] Accordingly, one object of the present invention is to pro- 
vide a flash memory structure and an operating method 
thereof for increasing the level of integration of the mem- 
ory device. 

[0013] a second object of this invention is to provide a flash 
memory structure and an operating method thereof for 
eliminating unsymmetrical programming in memory cells 
so that memory cell current can be reduced and overall 
operating speed of the memory device can be increased. 

[0014] a third object of this invention is to provide a flash mem- 
ory structure and an operating method that can prevent 
over-erasing memory cells. 

[0015] jo achieve these and other advantages and in accordance 
with the purpose of the invention, as embodied and 
broadly described herein, the invention provides a flash 
memory device structure. The flash memory device struc- 
ture includes a first conductive type substrate, a second 
conductive type first well, a first conductive type second 
well, a pair of gate structures, a select gate and a pair of 



first conductive type source/drain regions. The second 
conductive type first well is located within the first con- 
ductive type substrate. The first conductive type second 
well is located within the second conductive type first well 
The pair of gate structures is positioned over the first 
conductive type substrate. The select gate is positioned 
between the pair of gate structures. The pair of first con- 
ductive type source/drain regions is located within the 
first conductive type second well on the opposite side of 
the respective gate structures. 
[0016] Each gate structure has a floating gate, a tunneling oxide 
layer, a control gate, a gate dielectric layer, a first spacer 
and a second spacer. The floating gate is set up over the 
first conductive type substrate. The tunneling oxide layer 
is set up between the floating gate and the first conduc- 
tive type substrate. The control gate is set up over the 
floating gate. The gate dielectric layer is set up between 
the control gate and the floating gate. The first spacer is 
set up on the sidewalls and upper surface of the control 
gate. The second spacer is set up on the sidewalls of the 
floating gate. The tunneling oxide layer may extend into 
the gap between the select gate and the first conductive 
type substrate. 



[° 017 ] Since two neighboring gate structures (memory cells) uses 
a single select gate in this invention, corresponding level 
of integration for the flash memory devices is increased. 

[0018] This invention also provides a method of operating a flash 
memory device. The flash memory device includes a P- 
type substrate, a deep N-well, a P-well, a first memory 
cell, a second memory cell, a select gate, a first source/ 
drain region and a second source/drain region. The deep 
N-well is embedded within the P-type substrate. The P- 
well is embedded within the deep N-well. The first mem- 
ory cell and the second memory cell are set up over the P- 
type substrate. The first memory cell has a first control 
gate and the second memory cell has a second control 
gate. The select gate is set up between the first memory 
cell and the second memory cell. The first source/drain 
region and the second source/drain region are set up in 
the P-well on the opposite side of the first memory cell 
and the second memory cell. Both the first source/drain 
region and the second source/drain region are N-type 
conductive layers. To program the first memory cell of the 
flash memory device, a first positive voltage is applied to 
the first control gate and a first negative voltage is applied 
to the P-well so that the select gate is at a ground poten- 



tial and the first source/drain region and the second 
source/drain region are in a floating state. Through the 
voltage setup, the first memory cell is programmed via the 
F-N tunneling effect. To read data from the first memory 
cell of the flash memory device, a second positive voltage 
is applied to the select gate and the first control gate, a 
third positive voltage is applied to the second control 
gate, a fourth positive voltage is applied to the second 
source/drain region and a ground voltage is applied to the 
first source/drain region and the P-well. To erase data 
from the memory cells on the same word line, a fifth posi- 
tive voltage is applied to the select gate, zero voltage is 
applied to the first control gate and the second control 
gate, the first source/drain region and the second source/ 
drain region is set to a floating state so that F-N effect is 
able to wipe out the data on an entire page of flash mem- 
ory devices. 

[0019] The aforementioned method of operating the flash mem- 
ory device may further include applying a first positive 
voltage to the second control gate and a first negative 
voltage to the P-well when the second memory cell in the 
flash memory device is programmed. Hence, the select 
gate is at a ground potential and both the first source/ 



drain region and the second source/drain region remain 
in a floating state so that the second memory cell is again 
programmed through the F-N tunneling effect. 

[0020] | n the flash memory device of this invention, an isolating 
P-well is formed inside the deep N-well. By applying a 
suitable voltage to the control gate and the isolated P- 
well, F-N tunneling effect can be utilized to force elec- 
trons in the substrate (the isolated P-well) through the 
tunneling oxide layer into the floating gate. Thus, there is 
very little effect on the programming of data into the sec- 
ond memory cell immediately after programming data into 
the first memory cell. In other words, unsymmetrical pro- 
gramming problem in the memory cells is prevented. 

[0021] | n addition, the F-N tunneling effect is utilized to program 
the channel flash memory device. Since F-N tunneling has 
very high electron injection efficiency, memory cell current 
required for programming can be reduced and operating 
speed can be increased. Furthermore, both programming 
and erasing are carried out using the F-N tunneling effect, 
which consumes very little current. Therefore, overall 
power consumption of the memory device is reduced. 
Moreover, the method can also be applied to program/ 
erase the data in parallel on a large page. 



[0022] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 
Brief Description of Drawings 

[0023] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0024] pig. 1 is a schematic cross-sectional view of a conven- 
tional dual-cell flash memory structure. 

[0025] pig. 2 is a top view of a flash memory according to this in- 
vention. 

[0026] Figs. 3A to 3F are cross-sectional views along line A-A' of 

Fig. 2 showing the steps for fabricating the flash memory 

of this invention. 
[0027] Figs. 4A to 4D are cross-sectional views along line B-B' of 

Fig. 2 showing the steps for fabricating the flash memory 

of this invention. 
[0028] Fig. 5 is a cross-sectional view of a flash memory device 

structure according to this invention. 



[0029] pig. 6 is a simplified circuit diagram of the flash memory 

according to this invention. 
[0030] pig. 7 A is a sectional view showing the programming 

mode of the flash memory according to this invention. 
[0031] Fig. 7B is a sectional view showing the erasing mode of 

the flash memory according to this invention. 
Detailed Description 

[0032] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0033] Fig. 2 is a top view of a flash memory according to this in- 
vention. As shown in Fig. 2, the flash memory at least 
comprises of a substrate 200, a device isolation structure 
202, an active region 204, a control gate 206 (word line), 
a floating gate 208, an N-type source/drain region 210, a 
P-well 312 and a select gate 214. The select gate 214 is 
separated from the control gate 206 and the floating gate 
208 by an insulating layer (spacer) 216 and another insu- 
lating layer (spacer) 218. The substrate 200 has a deep N- 
well (not shown) and the P-well 212 is set up over the 



deep N-well. The device isolation structure 202 is set up 
within the substrate 200 for patterning the active region 
204 so that the P-well 212 is located inside the active re- 
gion 204. The control gate 206 is set up within the sub- 
strate perpendicular to the active region 204. The floating 
gate 208 is set up underneath the substrate 200 where 
the control gate 206 (word line) crosses over the active 
region 204. In the same active region 204, every pair of 
neighboring memory cells 220 constitutes a group having 
a select gate 214 set up between them. The N-type 
source/drain region 210 is set up in the P-well 212 on 
both sides of each memory cell. All the select gates 214 
within the same active region 204 are electrically con- 
nected to a select gate line (not shown). All the different 
active regions 204 along the same column of N-type 
source/drain regions 210 are electrically connected 
through a bit line (not shown). 
[0034] pigs. 3A to 3F are cross-sectional views along line A-A' of 
Fig. 2 showing the steps for fabricating the flash memory 
of this invention. Figs. 4A to 4D are cross-sectional views 
along line B-B' of Fig. 2 showing the steps for fabricating 
the flash memory of this invention. First, as shown in Figs. 
3A and 4A, a P-type substrate 300 with device isolation 



structures 302 thereon is provided. The device isolation 
structures 302 form a series of parallel strips across the 
substrate 300 to pattern out active regions. The device 
isolation structures 302 are formed, for example, by con- 
ducting local oxidation (LOCOS) or carrying out the steps 
necessary for forming a shallow trench isolation (STI) 
structure. Each device isolation structure 302 must have a 
depth capable of isolating the subsequently formed P-well 
regions 306. Thereafter, deep N-well regions 304 are 
formed in the P-type substrate 300 and then P-well re- 
gions 306 are formed within the respective deep N-well 
regions 304. The P-well regions 306 must have a depth 
smaller than the isolation structures 302. Next, an oxide 
layer 308 is formed over the P-type substrate 300 to serve 
as a tunneling oxide layer. The oxide layer 308 is formed, 
for example, by conducting a thermal oxidation. 
[0035] As shown in Figs. 3B and 4B, a conductive layer (not 

shown) such as a doped polysilicon layer is formed over 
the oxide layer 308. The conductive layer is formed, for 
example, by conducting a chemical vapor deposition to 
form an undoped polysilicon layer over the oxide layer 
308 and then implanting ions into the polysilicon layer. 
The conductive layer has a thickness of about 200A and 



dopants such as arsenic ions are implanted into the 
polysilicon layer. Thereafter, the conductive layer is pat- 
terned to form a conductive layer 310 that exposes a por- 
tion of the upper surface of the device isolation struc- 
tures. 

[0036] As shown in Figs. 3C and 4C, a dielectric layer 312 and 
another conductive layer (not shown) are sequentially 
formed over the P-type substrate 300. Using a mask, the 
conductive layer is patterned to form conductive layers 
314 that serve as control gates. The dielectric layer 312 is 
a composite layer such as an oxide/nitride/oxide layer 
formed, for example, by conducting a low-pressure 
chemical vapor deposition. Obviously, the dielectric layer 
312 can be a silicon oxide layer or an oxide/nitride com- 
posite layer. The conductive layer 314 can be a doped 
polysilicon layer formed, for example, by conducting a 
chemical vapor deposition with in-situ dopant implanta- 
tion. 

[0037] After removing the mask layer, an insulating layer 316 is 
formed on the sidewalls and the upper section of the con- 
ductive layers 314. The insulating layer 316 can be a sili- 
con oxide layer formed, for example, by conducting a 
thermal oxidation. 



[0038] As shown in Figs. 3D and 4D, the dielectric layer 312 and 
the conductive layer 310 are patterned using the conduc- 
tive layers 314 and the insulation layers 316 as a mask to 
form dielectric layers 312a and conductive layers 310a. 
The conductive layers 310a serve as floating gates. In 
other words, the conductive layer (control gate) 314, the 
dielectric layer 312a, the conductive layer (control gate) 
310a and the oxide layer 308 (tunneling oxide layer) to- 
gether constitute a gate structure. Thereafter, a patterned 
mask layer 318 is formed over the entire substrate 300. 
The patterned mask layer 318 exposes areas for forming 
the source/drain regions 320. An ion implantation is car- 
ried out using the patterned mask layer 318 to form a 
source/drain region 320 in the P-well region 306 of the 
substrate 300 on one side of the gate structure. Each pair 
of neighboring gate structures can be regarded as a single 
gate structure unit. In each gate structure unit, a select 
gate is formed between the individual gate structure and 
the source/drain regions 320 are formed in the substrate 
on each side of the gate structure unit. Since the B-B' sec- 
tion of Fig. 2 is identical in subsequent processing steps, 
only the A-A' section of Fig. 2 is displayed in the follow- 
ing. 



[0039] As shown in Fig. 3E, the patterned mask layer 318 is re- 
moved. A select gate oxide layer 321 is formed over the 
substrate 300 between the gate structures and an insulat- 
ing layer (spacer) 322 is formed on the sidewalls of the 
conductive layers 310a (floating gates). The select gate 
oxide layer 321 and the insulating layer (spacer) 322 can 
be silicon oxide layer formed, for example, by conducting 
thermal oxidation. The select gate oxide layer 321 has a 
thickness of about 250A. Thereafter, another patterned 
mask layer 324 is formed over the substrate 300 covering 
the source/drain regions 320 but exposing the area for 
forming the select gate. A conductive layer 326 is formed 
over the substrate 300. The conductive layer 326 can be a 
doped polysilicon layer formed, for example, by conduct- 
ing a chemical vapor deposition with in-situ dopant im- 
plantation. 

[0040] As shown in Fig. 3F, a portion of the conductive layer 326 
and the patterned mask layer 326 are removed to expose 
the upper surface of the insulating layer 316 so that a se- 
lect gate 328 is formed between the gate structures. 
Thereafter, the patterned mask layer is removed. Since 
subsequent processing steps for completing the fabrica- 
tion should be familiar to those skilled in the technolo- 



gies, detailed description is omitted here. 

[0041] pig. 5 is a cross-sectional view of a flash memory device 
structure according to this invention. As shown in Fig. 5, 
each flash memory device at least comprises of a P-type 
substrate 500, a deep N-well region 502, an isolating P- 
well region 504, a gate structure 506, an N-type source/ 
drain region 508 and a select gate 510. The gate structure 
506 further includes a tunneling oxide layer 512, a float- 
ing gate 514, a gate dielectric layer 516, a control gate 
518 and spacers 520, 522. 

[0042] The deep N-well region 502 is located within the P-type 
substrate 500 and the isolating P-well region 504 is lo- 
cated within the deep N-well region 502. The gate struc- 
ture 506 is positioned over the P-type substrate 500. Each 
pair of neighboring gate structures 506 constitutes a gate 
structure unit 524. The N-type source/drain regions are 
located in the P-type well region 504 on each side of the 
gate structure unit 524. The select gate 510 is located 
within the gate structure unit 524 between the two gate 
structures 506. A select gate oxide layer 526 is located 
between the select gate 510 and the substrate 500. The 
spacer 520 is on the sidewalls and the upper section of 
the control gate 518. The spacer 522 is on the sidewalls 



of the floating gate 514. 
[0043] | n this invention, each pair of neighboring gate structures 
506 (memory cells) uses a single select gate 510. Hence, 
overall level of integration of the flash memory is in- 
creased. 

[0044] pig. 6 is a simplified circuit diagram of the flash memory 
according to this invention. In Fig. 6, a plurality of mem- 
ory cells Qnl to Qn8, select transistors Tnl to Tn4, isolat- 
ing P-well regions PW0 to PW1, bit line/source line BL0/S0 
to BL2/S2, control gate lines CG0 to CG3 and select gate 
lines (word lines) SG0 (WL0) to SGI (WL1). The memory 
cells are grouped together by pairs into memory cell 
structure units with each memory cell structure unit hav- 
ing two neighboring memory cells and a select transistor. 
The select transistor is set up between two neighboring 
memory cells. The memory cell structure units are joined 
together as a column/row array such that each pair of 
neighboring memory cells using the same source/drain 
region. In each row, the source/drain region of each 
memory cell in various memory cell structure units is 
electrically connected to a corresponding bit line/source 
line. Similarly, in each column, the control gate of various 
memory cells is electrically connected to a corresponding 



control gate line. Furthermore, the isolating P-well region 
of various memory cells within each row is electrically 
connected together and the gate of the select transistors 
within each row is electrically connected to a correspond- 
ing select gate line (word line). 
[0045] For example, in the same row, the memory cell Qnl, the 
select transistor Tnl and the memory cell Qn2 form a 
structural unit, the memory cell Qn3, the select transistor 
Tn2 and the memory cell Qn4 form a second structural 
unit, the memory cell Qn5, the select transistor Tn3 and 
the memory cell Qn6 forms a third structural unit, and the 
memory cell Qn7, the select transistor Tn4 and the mem- 
ory cell Qn8 form a fourth structural unit. The source/ 
drain terminals of the memory cells Qnl and Qn5 are 
coupled to the bit line/source line BL0/S0. The source/ 
drain terminal of the memory cells Qn2, Qn3, Qn6 and 
Qn7 are coupled to the bit line/source line BL1/S1. The 
source/drain terminal of the memory cells Qn4 and Qn8 
are coupled to the bit line/source line BL2/S2. The control 
gate line CGO is connected to the control gate of the 
memory cells Qnl and Qn5. The control gate line CGI is 
connected to the control gate of the memory cells Qn2 
and Qn6. The control gate line CG2 is connected to the 



control gate of the memory cells Qn3 and Qn7. The con- 
trol gate line CG3 is connected to the control gate of the 
memory cells Qn4 and Qn8. The select gate line (word 
line) SGO (WLO) is connected to the gate of the select tran- 
sistors Tnl and Tn2. The select gate line (word line) SGI 
(WL1) is connected to the gate of the select transistors 
Tn3 and Tn4. The memory cells Qnl, Qn2, Qn3 and Qn4 
are electrically connected to the isolating P-well region 
PWO. Similarly, the memory cells Qn5, Qn6, Qn7 and Qn8 
are electrically connected to the isolating P-well region 
PW1. 

[0046] The memory cell array according to this invention has a 
setup that group each pair of neighboring memory cells 
together and hence each pair of memory cells uses a sin- 
gle select transistor (select gate). Therefore, average size 
of each memory cell can be reduced. With this structural 
design, the memory cell array has dimension-reducing 
capacity similar to a conventional NAND type memory cell 
array so that overall level of integration is increased. 

[0047] pig. 7 A is a sectional view showing the programming 
mode of the flash memory according to this invention. 
Fig. 7B is a sectional view showing the erasing mode of 
the flash memory according to this invention. In the fol- 



lowing, the programming mode (in Fig. 7 A), the read 
mode and the erasing mode (in Fig. 7B) of the flash mem- 
ory according to this invention are illustrated using the 
memory cells Qnl and Qn2 in Fig. 6 as an example. 
[0048] jo program the memory cell Qnl, a positive bias voltage 
VCGp of about 10V to 12V is applied to the control gate 
606a (CGO), a negative bias voltage VPWp of about 6V to 
8V is applied to the P-well region 604. Meanwhile, the 
source/drain region 612 (BL0/S0), the source/drain region 
614 (BL1/S1) remains in a floating state and the select 
gate 610 (SG0) is at 0V. Hence, a large electric field is es- 
tablished between the floating gate 606a and the sub- 
strate 600. Through the F-N tunneling effect, electrons 
penetrate the tunneling oxide layer 616 into the floating 
gate 606a. Similarly, to program the memory cell Qn2, a 
positive bias voltage VCGp of about 10V to 12V is applied 
to the control gate 606b (CGI), a negative bias voltage 
VPWp of about 6V to 8V is applied to the P-well region 
604. Meanwhile, the source/drain region 612 (BL0/S0), 
the source/drain region 614 (BL1/S1) remains in a floating 
state and the select gate 610 (SG0) is at 0V. Hence, a large 
electric field is established between the floating gate 606b 
and the substrate 600. Through the F-N tunneling effect, 



electrons penetrate the tunneling oxide layer 616 into the 
floating gate 606b as shown in Fig. 7A. 
[0049] when the aforementioned programming operation is be- 
ing executed, the memory cells Qn5 and Qn6 will not be 
programmed because the isolating P-well region (PW1) is 
at 0V. Since there is no F-N tunneling effect in the mem- 
ory cells Qn5 and Qn6, no data is programmed into the 
cells. 

[0050] | n addition, the control gate line CG2 connecting the 

memory cells Qn3 and Qn7 and the control gate line CG3 
connecting the memory cells Qn4 and Qn8 are at 0V. 
Therefore, no F-N tunneling effect will occur in the mem- 
ory cells Qn3, Qn4, Qn7 and Qn8. 

[0051] jo read data from the memory cell Qnl, a bias voltage Vd 
of about IV to 1.5V is applied to the source/drain region 
612 (BL0/S0), a bias voltage Vcc of about 3.3V is applied 
to the select gate 610 (SG0(WL0)) and the control gate 
608a (CG0), a bias voltage VCGR of about 10V is applied 
to the control gate 608b (CGI), the source/drain region 
614 (BL1/S1) and the isolating P-well region 604 (PW0) is 
connected to a ground potential. Similarly, to read data 
from the memory cell Qn2, a bias voltage Vd of about IV 
to 1.5V is applied to the source/drain region 614 



(BL1/S1), a bias voltage Vcc of about 3.3V is applied to 
the select gate 610 (SG0(WL0)) and the control gate 608b 
(CGI), a bias voltage VCGR of about 10V is applied to the 
control gate 608a (CGO), the source/drain region 612 
(BL0/S0) and the isolating P-well region 604 (PWO) is con- 
nected to a ground potential. In general, the channel of 
the memory cell having electric charges trapped inside the 
floating gate is shut with little current while the channel of 
the memory cell having no electric charges inside the 
floating gate is open with large current. Hence, size of 
current flowing the channel of the memory cell can be 
used to determine whether a data bit of "1" or a "0" is 
stored in the flash memory. 
[0052] jo erase data from the memory cells Qnl and Qn2, a zero 
voltage is applied to the control gate 608a (CGO) and the 
control gate 608b (CGI) and a positive bias voltage VSGE 
of about 10V to 12V is applied to the select gate 610 
(SG0). Meanwhile, the source/drain region 612 (BL0/S0), 
the source/drain region 614 (BL1/S1) and the isolating P- 
well region (PW1) remain in a floating state. With this volt- 
age setup, a large electric field is established between the 
floating gate 606a, the floating gate 606b and the select 
gate 610. Through the F-N tunneling effect, electrons will 



pull out from the floating gates 606a and 606b into the 
select gate as shown in Fig. 7B. 

[0053] | n the aforementioned erasing operation, the select tran- 
sistor Tnl between the memory cells Qnl and Qn2 as well 
as the select transistor Tn2 between the memory cells 
Qn3 and Qn4 use the same select gate line (word line) SGO 
(WLO). Therefore, the data inside the memory cells Qn3 
and Qn4 on the same page as the memory cells Qnl and 
Qn2 will be erased when the data in the memory cells Qnl 
and Qn2 is erased. In the meantime, since the common 
select line (word line) SGI (WL1) connecting the select 
transistor Tn3 between the memory cells Qn5 and Qn6 
and the select transistor Tn4 between the memory cells 
Qn7 and Qn8 receives no bias voltage, no F-N tunneling 
occurs in the memory cells Qn5, Qn6, Qn7 and Qn8 to 
wipe out the stored data. In other words, the data within a 
page can be erased through F-N tunneling effect by ap- 
plying a bias voltage of about 10V to 12V to the select 
gate (word line) of the desired page while maintaining a 
0V at the control gate line. 

[0054] | n addition, the flash memory device of this invention has 
an isolating P-well region buried inside the deep N-well 
region. Therefore, by applying a suitable bias voltage to 



the control gate and the isolating P-well region in a pro- 
gramming step, F-N tunneling is activated to inject elec- 
trons from the substrate (isolating P-well region) to the 
floating gate through the tunneling oxide layer. Thus, 
subsequent programming of data into the second memory 
cell Qn2 is little affected by the previous programming 
into the first memory cell Qnl. In other words, unsym- 
metrical programming problems are prevented. Further- 
more, the memory cells Qnl and Qn2 can be programmed 
simultaneously by applying a positive bias voltage VCGp 
to both the control gate 606a (CGO) and the control gate 
606b (CGI), applying a negative bias voltage VPWp to the 
P-well region 604 (PWO) while maintaining the source/ 
drain region 612 (BL0/S0) and the source/drain region 
614 (BL1/S1) at a floating state and setting the select 
gate610 (SGO) at 0V. 
[0055] Because F-N tunneling effect is utilized to program the 
flash memory device of this invention, electron injection 
efficiency is relatively high. Hence, memory cell current 
for conducting data programming can be reduced while 
overall operating speed of the memory device can be in- 
creased. Furthermore, both programming and erasing are 
carried out using the F-N tunneling effect, which requires 



very little current. Therefore, overall power consumption 
of the memory device is reduced. Moreover, the method 
also permits parallel and large page-wise data program- 
ming or erasing. 
[0056] it W i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



